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Abstract
Introduction Gelsolin is an actin-binding plasma protein that is
part of an 'actin-scavenging' system. Studies suggest that
plasma gelsolin may play a crucial role in the pathophysiology of
sepsis. Little is known about the course of plasma gelsolin levels
over time in patients with severe sepsis. The aim of the study
was to investigate plasma gelsolin levels in severe septic
patients and to determine whether these levels predict the
severity or clinical outcome of severe sepsis.
Methods Ninety-one patients who were diagnosed with severe
sepsis at admission to a surgical intensive care unit were
enrolled, and admission plasma gelsolin levels were recorded.
Plasma gelsolin levels were recorded daily in 23 of these
patients. Daily plasma gelsolin levels were recorded in an
additional 15 nonseptic critically ill patients. Fifteen volunteers
served as healthy control individuals. Plasma gelsolin levels
were measured using an enzyme-linked immunosorbent assay.
Concentrations of IL-6, IL-10 and tumour necrosis factor (TNF)-
α were also measured on intensive care unit admission.
Results The admission gelsolin levels were significantly
decreased in severe sepsis (20.6 ± 11.7 mg/l) compared with
nonseptic critically ill patients (52.3 ± 20.3 mg/l; P < 0.001) and
healthy control individuals (126.8 ± 32.0 mg/l; P  < 0.001).
Severe septic patients had increased IL-6 levels compared with
nonseptic critically ill patients (20.0 ± 10.7 pg/ml versus 11.4 ±
13.9 pg/ml; P = 0.048), whereas no significant difference in IL-
10 or TNF-α levels was observed (IL-10: 97.9 ± 181.5 pg/ml
versus 47.4 ± 91.5 pg/ml, respectively [P = 0.425]; TNF-α:
14.2 ± 13.9 pg/ml versus 6.9 ± 5.3 pg/ml, respectively; P =
0.132). Survivors of severe sepsis exhibited substantial recovery
of their depressed plasma gelsolin levels, whereas gelsolin
levels in nonsurvivors remained at or below their depleted
admission levels.
Conclusion Plasma gelsolin may be a valuable marker for
severe sepsis. Recovery of depleted plasma gelsolin levels
correlated with clinical improvement. The prognostic role of
plasma gelsolin in critical illness requires further investigation in
a large cohort.
Introduction
Gelsolin, a protein of 82 to 84 kDa, is a member of gelsolin
protein superfamily, which exists in a cytoplasmic as well as an
excreted plasma isoform, and contains six homologous
repeats termed gelsolin-like (G) domains [1-3]. Plasma gelso-
lin is the principal circulating protein able to sever and scav-
enge circulating filamentous actin [4-6], which may enhance
some major components of proinflammatory cytokine produc-
tion, impair the microcirculation and compromise multiple
organs [7-10]. In animal models, plasma gelsolin appears to
be beneficial, possibly by virtue of its ability to counteract the
pathophysiological consequences of actin release during
trauma, injury and infection [11-14].
In animal models of sepsis, depletion of plasma gelsolin corre-
lates with elevated circulating levels of actin and gelsolin
replacement modifies the cytokine profile and improves sur-
vival [14]. In humans the plasma gelsolin levels are markedly
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decreased in acute liver failure, myocardial infarction, septic
shock, myonecrosis and allogeneic stem cell transplantation,
and the degree of depletion correlates with the degree of
organ dysfunction, as measured using disease-specific mark-
ers [15,16]. Soon after traumatic injury, plasma concentrations
of gelsolin are significantly reduced compared with those in
healthy individuals [17]. Admission plasma gelsolin levels in
patients admitted with a variety of critical illness were associ-
ated with the development of acute respiratory distress syn-
drome and septic shock [15,17]. Lee and coworkers [18]
serially measured plasma gelsolin levels in patients after sur-
gery or trauma for 5 days and demonstrated that the
decreased plasma gelsolin levels seen in such patients are
stable over this period. However, that study did not assess the
time course of gelsolin recovery or its correlation with clinical
improvement.
We studied plasma gelsolin levels at the time of admission to
the intensive care unit (ICU) in patients with severe sepsis.
Additionally, we measured daily plasma gelsolin levels in criti-
cally ill patients admitted to a surgical ICU with severe sepsis
and without sepsis. Plasma gelsolin levels were also measured
in a cohort of healthy volunteers. Gelsolin levels were com-
pared among these groups and changes in these levels were
observed over time to determine whether these changes were
associated with outcomes in patients with severe sepsis.
Materials and methods
This study was performed in accordance with the ethical
guidelines of the School of Medicine, Zhejiang University. The
protocol was approval by the Institutional Review Board (Eth-
ics Committee). Written informed consent was obtained from
both patients and healthy volunteers. In cases in which con-
sent was obtained from the relatives of patients who were una-
ble to give it, consent was later obtained from patients who
regained the ability to do so. Patients in this prospective
observational study were cared for in a surgical ICU at a uni-
versity hospital. Patients with severe sepsis were enrolled
upon admission to the ICU, using the criteria of the American
College of Chest Physician/Society of Critical Care Medicine
Consensus Conference Committee [19]. Exclusion criteria
were any of the following: lack of informed consent, age
younger than 18 years, and pre-existing immunological or hae-
matological diseases. In addition to demographic information,
Acute Physiology and Chronic Health Evaluation II (APACHE
II) [20] scores and Sequential Organ Failure Assessment
(SOFA) [21] were recorded for all patients with severe sepsis.
Deaths were defined as all-cause, in-hospital deaths. Fifteen
nonseptic critically ill patients at the same ICU during the study
period were enrolled randomly as the critically ill control group.
In addition, 15 volunteers served as the healthy control group.
All patients and volunteers were of Chinese Han origin.
Whole blood samples were obtained from 91 consecutive
patients with severe sepsis from 1 June 2006 to 31 May 2007
within 24 hours after ICU admission. Among these patients,
daily plasma gelsolin levels were measured in 23 consecutive
patients. Day 0 was defined as the time of admission into the
surgical ICU. Whole blood samples were also obtained daily
from 15 nonseptic, critically ill patients at ICU admission and
the following 5 consecutive days. A single whole blood sample
was obtained from each of the 15 healthy volunteers. Whole
blood samples (3 ml) were collected into EDTA-containing
tubes. After being centrifuged at 2,500 g  for 5 minutes,
plasma was harvested and frozen at -80°C until analysis.
Plasma gelsolin levels were measured using an enzyme-linked
immunosorbent assay, in accordance with the manufacturer's
instructions (CoTimes, Beijing, China). Admission plasma
tumour necrosis factor (TNF)-α, IL-6, IL-10 and albumin levels
were determined using enzyme-linked immunosorbent assay,
in accordance with the manufacturer's instructions (R&D sys-
tems, Minneapolis, MN, USA) in both the severe sepsis group
and the nonseptic critically ill group.
Normally distributed data are presented as mean ± standard
deviation and compared using Student's t-test. Non-normally
distributed data are presented as median and interquartile
range, and compared using Mann-Whitney U-test. For consist-
ency with previous studies, some variables with unknown/non-
normal distribution (for instance, plasma level of TNF-α, IL-6,
and so on) were presented as mean ± standard deviation.
Noncontinuous variables are presented as percentages and
were analyzed using χ2 test or Fisher's exact test. A logistic
regression was performed with the occurrence of severe sep-
sis as the dependent factor and admission plasma gelsolin, IL-
6, IL-10, TNF-α, albumin, age and sex as independent factors.
The Forward methodology was adopted in the regression
process. A variable would enter the model with a P value under
0.05 and would be removed with a P value greater than 0.10.
All statistical analysis was performed with SPSS 14.0 for Win-
dows (SPSS, Chicago, IL, USA). P values under 0.05 (two-
tailed) were considered statistically significant.
Results
Of the 91 patients with severe sepsis enrolled in this study, 51
(56.0%) patients died in hospital. The underlying diseases
associated with the development of severe sepsis were noso-
comial pneumonia (n = 31), bowel obstruction (n = 14),
severe acute pancreatitis (n = 14), intestinal or gastric perfo-
ration (n = 10), trauma (n = 10), infection of liver or biliary tree
(n = 6) and others (n = 6). The demographic and clinical data
for the patients are presented in Table 1. Among the 15 non-
septic critically ill control patients there were no deaths. No dif-
ference was observed in age and sex between nonseptic
critically ill patients and patients with severe sepsis.
As shown in Figure 1, the plasma gelsolin level at the time of
admission in the severe sepsis group was 20.6 ± 11.7 mg/l,
which was significantly lower than that of 15 nonseptic criti-
cally ill patients (52.3 ± 20.3 mg/l, P < 0.001). The admissionAvailable online http://ccforum.com/content/12/4/R106
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levels of plasma gelsolin in both severe sepsis and nonseptic
critically ill patients were significantly different from those of
the 15 healthy control individuals (126.8 ± 32.0 mg/l; P <
0.001). Severe septic patients exhibited an increased IL-6
level compared with the nonseptic critically ill patients (20.0 ±
10.7 pg/ml versus 11.4 ± 13.9 pg/ml; P = 0.048), whereas no
significant differences in IL-10 and TNF-α levels were
observed between the two groups (IL-10: 97.9 ± 181.5 pg/ml
versus 47.4 ± 91.5 pg/ml, respectively [P = 0.425]; TNF-α
14.2 ± 13.9 pg/ml versus 6.9 ± 5.3 pg/ml, respectively [P =
0.132]). Both the severe sepsis group and the nonseptic crit-
ically ill group had similar lowered plasma albumin levels (26.4
± 6.4 g/l versus 29.2 ± 3.9 g/l; P = 0.071). Higher (≥ 25)
APACHE II scores were associated with lower plasma gelsolin
levels at ICU admission, as compared with lower (<25) scores
(17.1 ± 9.1 mg/l versus 22.4 ± 14.4 mg/l; P = 0.044). In con-
trast, higher (≥ 8) admission SOFA scores were not associ-
ated with plasma gelsolin levels as compared with patients
with lower (<8) score (21.5 ± 12.8 mg/l versus 19.7 ± 10.6
mg/l; P = 0.457).
Logistic regression revealed that among the seven candidate
risk factors (admission plasma gelsolin, IL-6, IL-10, TNF-α,
albumin, age and sex), admission plasma gelsolin was the only
independent factor able to predict the occurrence of severe
sepsis. However, there was no significant difference in the gel-
solin levels between surviving and nonsurviving patients with
severe sepsis (20.2 ± 12.3 mg/l versus 20.9 ± 11.2 mg/l; P =
0.786).
Table 1
Characteristics of patients with severe sepsis
Characteristic Patients with severe sepsis P
Nonsurviving (n = 51) Surviving (n = 40)
Age (years) 68 (48 to 75) 57.5 (44.3 to 72.8) 0.15
Males (n [%]) 29 (56.9) 27 (67.5) 0.386
Plasma concentration of gelsolin (mg/l; mean ± SE) 20.9 ± 11.2 20.2 ± 12.3 0.786
Plasma concentration of IL-6 (pg/ml; mean ± SE) 21.6 ± 11.6 19.0 ± 10.0 0.59
Plasma concentration of IL-10 (pg/ml; mean ± SE) 68.7 ± 56.0 127.3 ± 250.8 0.347
Plasma concentration of TNF-α (pg/ml; mean ± SE) 19.2 ± 17.7 9.2 ± 5.4 0.033
Plasma concentration of albumin (g/l; mean ± SE) 27.5 ± 6.2 25.1 ± 6.5 0.101
APACHE II (median [IQR]) 24 (17.8 to 27.3) 17 (12.5 to 22) <0.001
Severe SOFA (median [IQR]) 9 (6 to 13.3) 6 (4 to 8) 0.002
Organs with acute dysfunction (n [%])
Respiratory 48 (94.1%) 32 (80%) 0.054
Cardiovascular 20 (39.2%) 6 (%) 0.018
Renal 18 (35.3%) 6 (15%) 0.033
Haematologic 20 (39.2%) 14 (35%) 0.827
Central nervous system 35 (68.6%) 23 (57.5%) 0.283
Hepatic 24 (47.1%) 14 (35%) 0.288
APACHE, Acute Physiology and Chronic Health Evaluation II; IQR, interquartile range; SE, standard error; SOFA, Sequential Organ Failure 
Assessment; TNF, tumour necrosis factor.
Figure 1
Admission plasma gelsolin levels Admission plasma gelsolin levels. Presented is a comparision of the 
plasma gelsolin levels at the time of admission of survival severe sepsis, 
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Twenty-three patients with severe sepsis and 15 nonseptic
critically ill patients had daily plasma gelsolin levels measured
consecutively after their ICU admission. Nine out of 23 con-
secutive septic patients who had been sampled for gelsolin
levels daily stayed in the ICU for longer than 14 days. The time
course of plasma gelsolin concentration in these nine septic
patients is shown in Figure 2. Among survivors depressed
plasma gelsolin levels appeared to recover after day 11,
whereas plasma gelsolin levels remained low or even
decreased further in the nonsurvivors with severe sepsis. For
nonseptic critically ill patients, the depressed plasma gelsolin
levels increased after day 3 of the surgical ICU stay, which
was coincided with clinical improvement.
Discussion
In the present study we found that admission plasma gelsolin
levels were lower in patients with severe sepsis than in non-
septic critically ill ICU patients and healthy control individuals.
Admission plasma gelsolin level was a independent risk factor
that correlated with occurrence of severe sepsis, although it
did not significantly differ between surviving and nonsurviving
patients with severe sepsis. Recovery of plasma gelsolin levels
was observed late in the course in survivors but not in nonsur-
vivors with severe sepsis.
In the study conducted by Lee and coworkers [14], depletion
of plasma gelsolin in animal models of sepsis occurred 6 hours
after a septic challenge with either endotoxin (lipopolysaccha-
ride) or a polymicrobial challenge after caecal-ligation and
puncture [14]. Several clinical studies [15,16] have observed
that a low gelsolin level after an initial insult such as injury or
inflammation reflected greater severity of disease and poorer
outcomes. The depletion of plasma gelsolin soon after a septic
challenge may result from exposure of the actin cytoskeleton,
which occurs as part of cellular injury [22-24]. In turn, deple-
tion of gelsolin could allow the formation of actin filaments,
which would lead to further tissue injury and organ dysfunction
[7-10,25]. In addition, plasma gelsolin binds bioactive inflam-
matory mediators including lipopolysaccharide [26], lysophos-
phatidic acid [27] and platelet-activating factor [28].
The present study revealed that plasma gelsolin levels meas-
ured at the time of ICU admission in patients with severe sep-
sis were lower than those in nonseptic critically ill patients and
healthy control individuals. Although plasma albumin levels in
both severe septic group and nonseptic critically ill group were
below the normal value, there was no significant difference
between the two groups. This indicates that the decrease in
plasma gelsolin level was specific and not a simple conse-
quence of systemic plasma protein loss or dilution. Combined
with previous reports [14-18], this study suggests that early
determination of plasma gelsolin level could facilitate early
diagnosis of severe sepsis.
In contrast to the study conducted by Mounzer and coworkers
[17], this study could not replicate a definite association
between plasma gelsolin levels of admission and mortality.
Mounzer and coworkers demonstrated that low plasma gelso-
lin levels at admission were associated with increased risk for
adverse outcomes, including prolonged length of hospital stay
and death, in patients who had undergone surgery or who had
suffered trauma [17]. Possibly, the characteristics of patient
population and the limited number of cases contributed to the
conflicted results. Interestingly, Huang and colleagues [10]
found that the plasma gelsolin level recovered at the time of
clinical improvement. In the present study, among the 15 non-
septic critically ill patients that admitted to the surgical ICU for
postoperative or post-traumatic observation, the decreased
plasma gelsolin levels demonstrated a recovery after day 3.
Furthermore, this study demonstrated that the depletion of
plasma gelsolin recovered with clinical improvements in survi-
vors of severe sepsis, whereas the gelsolin level in nonsurvi-
vors remained low. This finding is consistent with the
hypothesis proposed by Lee and coworkers [14], namely that
plasma gelsolin can modify systemic inflammatory response
and improve the outcome of sepsis via its binding and neutral-
izing inflammatory mediators during the course of sepsis. To
our knowledge, this is the first study to examine the time
course of plasma gelsolin changes and its correlation with clin-
ical improvement in septic patients.
The limitations of the study were as follows. The number of
patients with severe sepsis enrolled in the time course study is
inadequate to allow definitive conclusions to be drawn, and
the study does not unequivocally elucidate the role played by
Figure 2
Time course of plasma gelsolin levels Time course of plasma gelsolin levels. Presented are the courses over 
time of plasma gelsolin levels in nonseptic critically ill patients, and 
patients with severe sepsis who survived and did not survive. Results 
are expressed as means ± standard error.Available online http://ccforum.com/content/12/4/R106
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plasma gelsolin in sepsis or the association of plasma gelsolin
with cytokines. Studies such as this one are important
because the animal data suggest that repletion of low plasma
gelsolin levels may be a useful adjuvant therapy, and it is criti-
cal that we detemine means to identify those patients who
could potentially benefit from such therapy, if we are to opti-
mize recombinant drug treatment in this setting. Further study
is required to address these issues.
Conclusion
This study suggests that plasma gelsolin levels are a valuable
marker of severe sepsis in surgical ICUs. Admission plasma
gelsolin levels correlated with severity of sepsis, whereas
recovery of plasma gelsolin levels correlated with clinical
improvement. The prognostic role played by plasma gelsolin
level in critical illness needs to be further investigated in a large
cohort.
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